Abstract-The optimal sizing and placement of distributed generators have recently drawn a considerable attention to itself. This paper proposes an evolutionary cuckoo optimization algorithm (COA) for optimal placement of distributed generation (DG) in a distribution system. The optimal DG placement problem is formulated as a cost function of network losses, voltage profile, and DG expenses. The proposed method is validated on a 13-bus distribution system. The results show that any variation in the parameter's weight in the objective function leads to a significant change in the prediction of the DG's location and capacity.
I. INTRODUCTION
Distributed generations (DGs) have assisted the power grids via compensating the shortage of power from the grid's primary generation resources by injecting the active and reactive powers to the network. They are beneficial in terms of increasing the power system reliability, enhancing power quality, and reducing the peak power requirements. [1] . These resources usually are installed in the low voltage part of the grid and help to improve voltage profile and reduce network losses.
Many researchers have studied several topics using various optimization techniques to examine the parameters of the objective function to improve the network. In [2] , the authors used genetic algorithms for renewable energy sources benefit to improve the voltage profile and increase the load ability rate. Authors in [3] introduced the novel concept of the energy price tag, and the results show an efficient reduction of electricity bill and charging costs of energy storage systems through SFS optimization. In [4] , the authors optimized the wind turbine length using the genetic algorithm (GA) to reduce loss in the network. In [5] , the authors improved the voltage profile and reduced power losses in the network by load flow analysis and specifying the voltage collapse of sensitive buses. A fuzzy logic based method for reducing losses using a conduit hydropower generator was proposed in [6] . This method has been tested and verified on an actual test system. In [7] , the authors improved the voltage profile and load ability factor of the network by optimizing the charging pattern of plug-in hybrid electric vehicles (PHEV) in charging stations.
Reference [8] the immune algorithm (IA) to improve voltage stability.
Reference [9] used different placement and sizing of distributed generation sources to minimize power system losses due to the difference between load models in the distribution system. References [10] - [13] analyzed the reactive power market by using simultaneous DG and capacitor placement and sizing in a radial distribution system. Several studies have investigated the optimal placement and sizing of parallel flexible AC transmission system (FACTS) elements in the network, and focused on improving the load factor and voltage profile [14] - [16] . In [17] , a method was introduced for improving the efficiency of a microgrid with high integration of DGs which can work in both grid connected and islanded mode of operation. The method is capable of detecting and classifying faults quickly so that the system can be recovered in a very short time. Reference [18] used the voltage constraint, feeders' capacity and DG sources level to improve voltage stability in the distribution system based on placement and sizing. Reference [19] focuses on optimization of microgrid frequency profile in presence of uncertainties of DGs, according to environmental and economic objectives.
Reference [20] presents a multi-objective firework optimization algorithm for economic dispatch in microgrids and the results are compared with non-dominated sorting genetic algorithm II (NSGA-II). Reference [21] investigated the optimal placement and sizing of DG by comparing the particle swarm optimization (PSO) and the GA methods with aim at reducing network losses and improving the voltage profile. By increasing injected power of DGs to the grid, reference [22] focused on network losses, system load ability factor, and buses voltage constraints. Reference [23] proposed a new index to determine the optimal size and location of DG units, in order to minimize active power losses and enhance voltage stability margin with considering load variations. Other optimization algorithms can be addressed through decision tree in data mining in reference [24] . Fuzzy expert system plays an important role in optimization in reference [25] . In order to find best performance Decision Making Units (DMUs), Data Envelopment Analysis (DEA) in operation research play an important role in optimization too [26] . This paper presents a novel optimal DG placement approach using cuckoo optimization algorithm (COA).
The rest of this paper is organized as follows: Section 2 provides a mathematical model of the problem. Section 3 A Novel Optimal Distributed Generation Planning in Distribution Network using Cuckoo Optimization Algorithm Ali Aranizadeh, Iman Niazazari, and Mirpouya Mirmozaffari * presents the methodology followed by the simulation results in section 4. Finally, the conclusion is presented in section 5.
II. PROBLEM FORMULATION
In this paper, the location and capacity of DGs are used to minimize the objective function. The objective function used in this paper has three parameters: voltage profile, network losses, and DG costs. In this paper, we used the (COA) to show the effect of any change in the weight of each parameter on the placement and DG capacity. This relationship is expressed in (1) . The most important purpose of this paper is to show how much impact each of these parameters has on determining placement and DG capacity.
where K1 is the weight factor of the loss reduction parameter, K2 is the weight factor of the voltage profile parameter and K3 is the weight factor of the fuel cost parameter. In addition, we have the summation of these three weight factors are unity. PLoss shows the amount of losses. This relationship is expressed in (2) . When active power is injected to one bus by a DG, power flow in another line decreases. As a result, the total power loss is decreased in the system. 
Finally, the last term is related to the DG fuel costs.
III. METHODOLGY
The cuckoo optimization algorithm (COA) is inspired by the life of the cuckoo and used a powerful tool in optimization problems. Fig. 1 shows the proposed flowchart of COA. In this algorithm, the process starts with an initial population of cuckoos. The cuckoo populations place some eggs in some host bird's nests. Some of these eggs, which are more similar to the host bird's eggs, have the opportunity to hatch and become a mature cuckoo. Obviously, other eggs are recognized and discarded from the nest. The habitat in which more eggs survive will be the term that COA is going to optimize. Cuckoos look for the best nest to increase their eggs survival. After the chicks are hatched and become mature, they form new societies of cuckoos in that area. Now, each society has its specific habitat for the living. The best habitat for all societies will be the next goal for the cuckoos in other societies. Hence, all societies fly to the best habit. Each society will be living in a region near the best habitat. Considering the number of eggs that each cuckoo will lay and the distance of cuckoos from the current optimal region for residence, a number of possible egg laying radiuses are calculated and formed. Then, cuckoos start to randomly lay eggs in the nests inside these laying radiuses. This process continues until the cuckoo reaches the best place to lay its eggs, i.e., the region with the highest profit. This optimum location is where the highest number of cuckoos will congregate [27] . 
IV. SIMULATION RESULTS
In this section the case study for implementing the framework and the simulation results are presented. The test casew is a 13-bus test system as it is shown in Fig.2 . The system information was obtained from the 63/20 kV KhodaBande-Loo substation of the Tehran distributed network. The bus and line information of the test system is given in the appendix. Bus information consists of active and reactive power connected to each bus. The total of active and reactive powers connected to busses are 10536 KW and 5992 KVAR, respectively. Line information includes line resistance and reactance. According to the size of the network and power loss in it, renewable resources are locate as the DG source.
As mentioned above, the aim of this paper is to find the optimal location and capacity of DG according to the factor weight of each parameter using the COA. The main purpose is identify if a specific parameter is more important than other parameters for DG capacity and location in different conditions and places. Five scenarios are considered for this case: Fig.2 . The 13 bus system case study Case I: The first scenario is the equal weight for all factors. The three parameters, namely, loss reduction, voltage profile, and DG fuel cost, are equally important, i.e., 1 2 3
Case II: In the second scenario, it is assumed that the DG fuel cost factor has a higher weight than the losses and voltage profile, and weight of these factors are:
Case III: In the third scenario it is assumed that the distribution system is related to consumers with a high degree of importance, therefore the parameter of voltage profile has the most important, and subsequently the losses parameter is also more important and DG fuel costs have a lower priority. 0.3, 0.6, 0.1
Case IV: In the fourth scenario, as in the second scenario, the DG fuel prices factor has a higher weight factor and is equal to the sum of the other two. 0.05, 0.45, 0.5
In this paper, all the simulations are programmed in MATLAB. The results of the simulations are shown in Tables  1 through 5 for every change in parameters. As it is evident from the results, when the parameter weight of DG cost increases, The DG size decreases. For example, as it can be seen from Table 2 , by increasing the weight parameter (K3) to 0.6, the DG size decreases to zero. In Tables 2, 4 , and 5 DG parameter weights are more important than other parameters. For this purpose, the DG generation is less than other tables. In Table 4 , the coefficients K1 and K2 are equal to 0.25 but in Table 5 these coefficients are 0.05 and 0.45, respectively. As it can be seen from these tables, because the loss parameter weight in Table 4 is more than Table 5 the amount of loss is greater. In addition, it can be seen in Fig. 3 that because of voltage improvement the parameter weight in Table 5 is more than Table 4 , and the voltage profile has a better condition. Moreover, an increase in K3 causes the voltage profile to be placed in a worse situation. Fig. 4 demonstrates the amount of loss reduction for the five scenarios. In addition, Fig. 5 demonstrates the penetration of DG sources for different scenarios. As it can be seen from these figures, loss reduction is increased when DG penetration raises in the system. This paper investigated the effects of varying the weight of parameters to determine the location and size of the DG. To achieve this goal, an evolutionary optimization algorithm called cuckoos optimization algorithm (COA) was deployed. It was shown that the proposed algorithm worked well according to various conditions. It was found that loss parameter weight and improve voltage profile weight influence each other. On the other hand, improvement in one of these parameters caused the relative improvement to the other. However, the third parameter weight, DG fuel cost, had a devastating influence on both the two other parameters and increasing this parameter caused all of the other parameters to have worse conditions. APPENDIX Table A1 . Line information Table A2 . Bus information
